Dry fermented sausages with different fat contents were produced (10%, 20% and 13 30%). The effect of fat content and ripening time on sensory characteristics, lipolysis, 14 lipid oxidation and volatile compounds generation was studied. Also, the key aroma 15 components were identified using gas chromatography (GC) and olfactometry. High fat 16 sausages showed the highest lipolysis and lipid oxidation, determined by free fatty acids 17 content and thiobarbituric acid reactive substances (TBARS), respectively. A total of 95 18 volatile compounds were identified using SPME, GC and mass spectrometry (MS). Fat 19 reduction decreased the generation of lipid derived volatile compounds during 20 processing while those generated from bacterial metabolism increased although only at 21 the first stages of processing. The consumers preference in aroma and overall quality of 22 high and medium fat sausages was related to the aroma compounds hexanal, 2-nonenal, 23 2,4-nonadienal, ethyl butanoate and 1-octen-3-ol who contributed with green, 24 medicinal, tallowy, fruity and mushroom notes. 25 26 27
Introduction 30
The high fat content of dry fermented sausages (40-50 %) is essential for sensory 31 properties, such as hardness, juiciness and flavour, and also is responsible for 32 technological functions (Wirth, 1988) . However, from a health point of view, an 33 excessive fat intake is not recommended. For this reason, several authors have focused 34 in the reduction and partial substitution of fat in dry fermented sausages (Mendoza, 35 García, Casas & Selgas, 2001; Muguerza, Fista, Ansorena, Astiasarán & Bloukas, 2002; 36 Muguerza, Ansorena, Bloukas & Astiasarán, 2003; Liaros, Katsanidis & Bloukas, 2009; 37 Olivares, Navarro, Salvador & Flores, 2010) . 38
Low fat sausages become hard due to high weight losses and have unacceptable 39 appearance because of wrinkled surfaces and case hardening (Muguerza et al., 2002) . 40
Nevertheless, Liaros et al. (2009) proposed the use of vacuum packaging during 41 ripening as an effective strategy to produce low fat fermented sausages without negative 42 effect on the external appearance. However, high fat sausages still have the highest 43 acceptability scores (Mendoza et al., 2001; Olivares et al., 2010) due to other sensory 44 characteristics such as flavour. 45
Flavour formation in dry fermented sausages is mainly related to lipolysis 46 (Gandemer, 2002) through the generation of free fatty acids (FFA) that are further 47 subjected to lipid oxidation reactions producing a large variety of volatile compounds 48 (Zanardi, Ghidini, Battaglia & Chizzolini, 2004) . Although the role of fat as precursor 49 of aroma compounds is known, there is little information about the effect of fat content 50 on dry fermented sausages flavour. Fat is important for dry fermented sausage flavour 51 not only for the generation of precursors of flavour compounds but also it acts as a 52 solvent for aroma compounds (Leland, 1997) . 53
Chemstation software (Agilent, USA). Helium was used as the carrier gas with a linear 154 velocity of 35.14 cm/s. The oven temperature program began at 38 ºC for 13 min, 155 ramped to 100 ºC at 3 ºC/min and maintained at 100 ºC during 10 min, then ramped to 156 150 ºC at 3 ºC/min, ramped to 210 ºC at 5 ºC/min, and finally held at 210 ºC for 20 min, 157 the total run time was 82.3 min. Detector temperature was set at 240 ºC. 158
The detection frequency method was used to estimate the aromatic impact of 159 each volatile compound (Pollien, Ott, Montigon, Baumgartner, Muñoz-Box & 160 Chaintreau, 1997) . Four trained assessors evaluated the odors from the GC-effluent. 161
Each assessor evaluated two high fat and two low fat sausages (63 d of ripening), 162 therefore a total of 16 assessments were carried out. The final detection frequency value 163
(DF) for each compound was obtained by summation of the 16 sniffings. The detection 164 of an odor by less than three assessors was considered to be noise, therefore the 165 minimum DF value was 4 and the maximum was 16, For each assessment, evaluation 166 of the odor took place over two different time intervals (0-35 and 35-70 min) in order to 167 avoid olfactory fatigue of the assessors. Aroma compounds were identified by three 168 different ways; comparison with mass spectra, comparison with the Kovats retention 169 indices of authentic standards injected in the GC-MS and GC-O; and by coincidence of 170 the assessors' descriptors with those in the Fenaroli's handbook of flavour ingredients 171 (Burdock, 2002) . 172 173
Sensory analysis 174
At the end of the process (42 and 63 d), dry fermented sausages were tested by a 175 panel of 75 consumers. The analysis was carried out in a sensory laboratory equipped 176 with individual booths (ISO 8589, 1988) . The casing was removed and the sausages 177 were cut in slices of approximately 4 mm thickness and served at room temperature on9 white plastic dishes. Water and unsalted toasts were provided to consumers to cleanse 179 the palate between samples. Consumers tasted, in two different sessions, three samples 180 (HF, MF and LF) of two different ripening times (42 and 63 d) identified with random, 181 three-digit codes, following a balanced complete block experimental design. For each 182 sample, consumers scored the aroma and overall quality using a 9-box hedonic scale. 183
Data acquisition was performed using Compusense five release 5.0 software 184 (Compusense Inc., Guelph, Ont., Canada) . shown in table 1. At day 0, no differences in total FFA concentration were detected 207 among batches and the total FFA concentration ranged from 162 to 220 mg / 100 g dm, 208
which represented 0.38-0.58 % of the total lipid content. The total FFA levels increased 209 during processing as a result of lipolysis reactions (p < 0.01). At the end of the 210 processing, total FFA concentration was significantly higher (p < 0.01) in high fat 211 sausages (1257 mg / 100 g dm) than in low and medium fat sausages (977 and 1081 mg 212 / 100 g dm, respectively) although total FFA content represented a similar percentage 213 (2.9 %) of the total lipid content in the three batches. Therefore, total FFA levels were 214
proportional to the amount of pork back fat used in the manufacture of the sausages. 215
These results are in agreement with Molly Demeyer, Civera, & Verplaetse (1996) and 216
Marco, Navarro & Flores (2006) who reported that the major proportion of FFA comes 217 from triglycerides present in the subcutaneous fat. 218
At day 0, FFA in all batches maintained the relationship MUFA>SFA>PUFA as 219 previously observed Navarro, Nadal, Nieto & Flores (2001) in fresh meat paste. During 220 ripening, all the main FFA increased (p < 0.01), however PUFA showed a greater 221 release than SFA in all batches resulting in a free MUFA>PUFA>SFA profile 222 previously reported in dry fermented sausages (Molly et al., 1996; Navarro et al., 2001; 223 Zanardi et al, 2004; Marco et al., 2006) . With respect to fat content, differences among 224 batches were detected at 42 and 63 d, since the release of all FFAs was significantly 225 higher (p < 0.01) in the HF sausage than in MF and LF sausages. In a previous work, 226 lipolysis than reduced fat ones, as we also observed. In addition, Molly et al. (1996) and 228 Marco et al. (2006) indicated that there was a very high specific fatty acid (FA) release 229 from the polar fraction compared to triglycerides (TG) when the release is expressed as 230 percentage of the initial amount of FA, however, the majority of FFA were derived 231 from the TG fraction that is the most abundant lipid fraction in sausages. Also, Molly et 232 al. (1996) pointed out the specificity of lipases for the position 3 of the triglycerides 233 molecules where unsaturated FA are predominantly placed. 234
The level of TBARS in the sausages was measured throughout the processing as 235 an index of lipid oxidation (Figure 1 ). TBARS increased during fermentation and drying 236 in all batches (p < 0.001) from approximately 0.3 to 1.3-1.7 mg MDA /kg dm. However, 237 no differences among batches were detected until the end of the process, when HF 238 sausages showed higher TBARS values than LF sausages (p < 0.05). The highest lipid 239 oxidation values detected in high fat sausages was also reported by Soyer and Ertas, 240 (2007) and Liaros et al., (2009 ) in contrast Muguerza et al. (2003 reported higher 241 TBARS values in low fat sausages that they attributed to the higher intramuscular fat 242 content of reduced-fat products. 243
In summary, the highest amount of pork back fat in HF sausages produced an 244 increase in both lipolysis and lipid oxidation reactions. These reactions are related to 245 flavour formation in dry sausages (Gandemer, 2002) by the generation of flavour 246 precursors, free fatty acids. However, until now it has not been elucidated how fat can 247 act not only as a source but also as a solvent of flavour compounds in dry sausages and 248 so, how both facts affects consumer's acceptance. Therefore, it is essential to study the 249 volatile compounds present in the headspace of sausages to determine the reasons for 250 consumer's acceptance of hig fat sausages. 251
Generation of volatile compound during processing 253
The proportion of volatile compounds analyzed in this study depends on the 254 stationary phase of the SPME fibre employed. of lipid oxidation products, such as aldehydes, in low fat ripened sausages than in high 295 fat ones. Nevertheless, in our work a significant relationship among lipolysis, lipid 296 oxidation and fat content was found, and the greatest lipolysis and oxidation were 297 observed in HF sausages. 298
The HS abundance of volatile compounds produced by -oxidation of lipids was 299 affected by processing time (p < 0.01) except for 2-octanone. The HS abundance 300 increased drastically until 18 d and then it remained constant (figure 2b). Fat content 301 and 2-undecanone (p < 0.05). At 18 d, LF sausages showed significantly higher 303 extracted area than high fat ones for 2-heptanone and 2-nonanone. Also, at the end of 304 the process (42 and 63 d) LF sausages showed the greatest abundance of 2-nonanone 305 and 2-undecanone, while HF sausages showed the highest abundance of 2,3-306 pentanedione and 1-octen-3-ol. The highest content of fat in HF sausages, and therefore 307 of free fatty acids, was the reason to find a high proportion of lipid -oxidation 308 degradation products such as 1-octen-3-ol. Also Bovolenta et al. (2008) detected mould 309 flavour which they attributed to 1-octen-3-ol in high fat sausages. However, other 310 compounds derived from lipid -oxidation showed the highest abundance in LF 311 sausages. These results probably mean that lipid -oxidation depends not only in the 312 amount of substrate but in the environmental conditions for bacterial growth which 313 were more favourable in LF sausages that had the highest water content (Olivares et al., 314 2010) . 315
The area of volatile compounds coming from carbohydrate fermentation was 316 affected by both processing time and fat reduction (p < 0.01) (table 2), except for 3-317 hydroxy-2-butanone that was not affected by fat content. The extracted area increased 318 drastically after 9 d until 18 d, especially in LF sausages, and then it decreased until the 319 end of the process (figure 2c) when this group comprised 30-40 % of the total extracted 320 area. The most abundant compound was acetic acid, followed by butanoic acid, 321 acetaldehyde and ethanol. These compounds showed greater abundance in LF sausages 322 except for ethanol that had the largest abundance in HF sausages. Carbohydrate 323 fermentation by microorganisms takes place during the first days of processing and 324 produces the pH decline and the generation of volatile compounds. Olivares et al. 325 (2010) reported that fat reduction produced a faster pH decrease in low fat sausages at 326 the beginning of the process, although no differences were observed in further stages. Inour study, volatile compounds derived from carbohydrate fermentation showed greater 328 abundance in LF sausages at the beginning of the manufacture that is in agreement with 329 the higher lean and water content in LF sausages producing a faster carbohydrate 330 fermentation process. 331
The evolution of volatile compounds derived from amino acid degradation was 332 shown in fig 2d. Ripening time (p < 0.01) significantly affected the extracted area 333 except for dimethyl trisulphide and 3-methylthio-propanol that were not detected at the 334 earliest stages. The abundance increased until day 18 and thereafter it was maintained 335 during the ripening process. Moreover, fat content affected the HS abundance of this 336 group (p < 0.05) except for 2-methylpyrazine, 2,6-dimethylpyrazine, dimethyl 337 trisulphide, benzeneacetaldehyde and phenyl ethyl alcohol. During sausage ripening, 338
proteins of the lean tissue are subjected to hydrolysis producing free amino acids which 339 are transformed into different volatile compounds (Toldrá, Sanz and Flores, 2001) . A 340 sharp increase was observed at 18 d mainly due to the generation of 3-methylthiophene, 341 3-methyl-2-buten-1-ol and benzaldehyde. However, the differences among batches for 342 almost all compounds of this group were more marked at the longest ripening time (63 343 d) when LF sausages, which contained the largest proportion of lean meat, showed 344 higher abundance than MF and HF sausages (table 2) . 345
Esterase activity of Staphylococci produced 15 ester compounds, 12 methyl and 346 3 ethyl esters (table 2). Ripening time affected the HS abundance of all esters except for 347 methyl hexanoate. During processing, it was detected an increase in the HS abundance 348 which reached a maximum at 18 d, and then, a slow decrease (figure 2e). The most 349 abundant esters extracted by SPME were methyl acetate, methyl butanoate, methyl 2-350 hydroxy-propanoate, methyl hexanoate and methyl octanoate (table 2). On the other 351 hand, fat content significantly affected (p < 0.05) the extracted area of all esters exceptfor methyl acetate, methyl propanoate, methyl 2-hydroxy-propanoate and methyl 353 decanoate. Generally, LF and MF sausages showed greater abundance of methyl esters 354 in the first stages although few differences were detected among batches at the end of 355 the process. In contrast, ethyl esters were extracted in higher amounts in the HF 356 sausages at days 42 and 63. Esters have very low odour detection thresholds 357 contributing to the aroma with fruity notes (Stahnke, 1994) . Ethyl esters showed lower 358 abundance than methyl esters, however, ethyl esters have lower air thresholds than 359 methyl esters (Burdock, 2002) which result in a higher aroma impact, especially in HF 360 sausages where the highest abundance was detected. 361
With respect to those volatiles of unknown origin (figure 2f) it was observed a 362 significant effect of ripening time (p < 0.01) in all cases expect for tetradecane since the 363 extracted areas increased until 18 d and then decreased. Moreover, fat content also 364 affected the extracted area of this group (p < 0.05) that generally was the highest in LF 365 sausages during the first stages of processing, with the exception of p-xylene, methyl 366 2,4-hexadienoate and tetradecane that were unaffected. It was remarkable the detection 367 of 2,4-hexadienoic acid (sorbic acid) and also its ethyl and methyl esters that came from 368 the mixture of sorbic acid and natamycin applied to the sausage casing to prevent 369 desirable surface molds (Holley, 1981) as previously described. The compounds, 2,4-370 hexadienoic acid and methyl 2,4-hexadienoate, have already been reported in other dry 371 fermented sausages (Mateo and Zumalacárregui, 1996; Muguerza et al., 2003) . sausages. This behaviour is related to the faster pH decrease and higher lean andmoisture content detected in LF sausages (Olivares et al., 2010) . The moisture content 378 would favour the fermentation stage producing a faster pH decline, however after 18 d 379 no differences were observed among batches in the HS abundance of volatile 380 compounds coming from bacterial metabolism. 381
With respect to the role of fat in fermented sausages, it is well known that it acts 382 as a solvent for flavour compounds and thus delays their release, particularly for 383 lipophilic compounds (Leland, 1997) . When fat is reduced, different flavour profiles 384 may result. According to this, it was reported that the release of spice-and smoke-385 derived volatile compounds such as terpenes and phenols was higher in low fat 386 frankfurter and salami (Chevance and Farmer, 1998; Chevance et al., 2000) . The 387 sausages used in our study were not smoked and did not contain spices in order to avoid 388 interferences in the volatile compounds analysis. However, dry fermented sausages are 389 meat products subjected to a ripening process where numerous metabolic and chemical 390 processes occur. Therefore, in the case of dry fermented sausages with different fat 391 contents, fat by itself affects flavour not only due to its role as a solvent but also as a 392 flavour precursor. 393
In conclusion, the effect of fat reduction on volatile generation during processing 394 was seen in two facts. First, lower generation of volatile compounds derived from lipid 395 oxidation reactions during the whole ripening process and second, a higher generation 396 of volatile compounds derived from lipid -oxidation, carbohydrate fermentation and 397 amino acid degradation during the fermentation stage, although at the end of the process 398 fat reduction did not affect the volatile abundance of volatile compounds produced by 399 bacterial metabolism. 400 401
Volatile compound analysis by GC-O
In order to determinate how fat reduction affects the aroma of sausages, GC-O 403 analyses were applied in the sausages and 30 different aroma-active zones were detected 404 (table 3) A SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids. a-j : Identical letters in each parameter indicate the absence of significant differences at p>0.05 (Fisher's test). B SEM: Standard error of the mean. C P s : P value of ripening time effect; P b : P value of fat content effect; P sxb : P value of interaction between fat content and ripening time effects. **: P< 0.01, *: P<0.05, ns: P>0.05 Table   Table 2 . Volatile compounds quantified as AU x 10-6 per g dry matter in the headspace of dry fermented sausages during processing. : Identical letters in each parameter indicate that there is no significant difference at p>0.05 (Fisher's test). D P b : P value of fat content effect; P s : P value of ripening effect; P sxb : P value of interaction between fat content and ripening effects. **: P< 0.01, *: P<0.05, ns: P>0.05. E Target ion used to quantify the compound when the peak was not completely resolved.
